transduction. In the mammal, generation of endolymph requires the function of genes coding for transmembrane ion channels and transporters expressed in specialised cells of the cochlea and vestibule. We have characterised the expression patterns of zebrafish genes orthologous to those involved in endolymph production in the mammal and find that the major site of expression of these genes in the developing ear is in the epithelial projections that form the semicircular canal system. The endolymphatic duct is a small structure in the zebrafish ear, but nevertheless develops according to a conserved developmental programme, similar to that in the mammal. We have identified foxi1 as a robust marker of this structure in the zebrafish.
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We describe a series of mutants that display an abnormality in ear volume. In kei and cc59.3a, the lumen of the otic vesicle is distended from early stages. In lte, endolymph volume is initially normal but later decreases dramatically. A disruption of endolymph homeostasis may also contribute to the abnormalities in ear size found in mutants with other otic patterning defects, especially those with semicircular canal defects (bge/lau, cls/sox10, hph, vgo/tbx1), or where the endolymphatic duct develops abnormally (cls/sox10, noi/pax2a, val/ mafb, vgo/tbx1). The expression of endolymph-generating ion channel genes in the epithelial projections of the ear is disrupted in several of these mutants. We conclude that the zebrafish embryo may provide a useful model of human endolymph disorders. In the open circulatory system of insects, the heart is the main motor of hemolymph flow. In many insects, however, the hemolymph supply of narrow body appendages is maintained by additional autonomous circulatory organs. For example, in Drosophila, hemolymph exchange in the wings is accomplished by two muscular pumps located bilaterally in the scutellum. In previous studies, we have shown that these so-called wing hearts consist of parallel syncytial muscle cells and a thin layer of non-muscular cells. Both tissues arise from eight embryonic progenitor cells which originate from the cardiac mesoderm and are characterized by the expression of the cardiogenic bHLH transcription factor Hand throughout their entire development. Here we show that while the loss of hand expression has no effect on the specification of the wing heart progenitors during embryogenesis, hand is required for proper wing heart formation during metamorphosis. Interestingly, the loss of Hand function affects the ability to establish attachment sites at their proper location in both tissues.
In case of the parallel muscle cells, this disrupts the regular pattern of epidermal attachment sites to the point of ectopic attachment sites. The ability to perform muscle contractions, however, is not affected and wing heart beating can be observed in the mutants. In the non-muscular cell layer, defects in attachment result in gaps within the layer and between the layer and the epidermis. Since the intactness of the layer is essential for wing S173
